The objective of this model study was to determine the potential for testing very large thrust, high-bypass-ratio, turbofan engines at conditions simulating flight Mach numbers of 0. 4 to 0. 6, sea level, by use of a jet pumped air supply system. The simulation of low altitude, subsonic operation of a large, high-bypass-ratio, turbofan engine in ground test facilities requires extremely large airflows. This airflow, even at relatively low pressure, cannot be provided by existing test facilities for engines having thrust levels of 60, 000 to 100, 000 lbf. The jet pumped air supply is therefore a very attractive potential facility. The purpose of this study is to determine the maximum jet pump mass ratio at which the pressure rise corresponding to sea-level flight at M = 0. 4 to 0. 6 can be obtained and the resulting motive airflow rate and state conditions required to test engines in the thrust class of 60, 000 to 100, 000 lbf.
Environmental simulation testing of aerospace propulsion devices and systems requires that the simulation capabilities of ground test facilities cover a range of test conditions comparable to those to which vehicles will be subjected during flight. Advancements in aerospace technologies have placed more stringent requirements on performance capabilities of ground environmental simulation facilities. High altitude simulation requirements have increased to the point where existing conventional mechanical exhaust gas pumping systems are not capable of providing the test conditions required in the development and testing of large full-scale propulsion systems.
Problems associated with ground test facilities to enable simulation of flight conditions for aerospace propulsion systems have led to the application of ejectors-diffusers to pump exhaust gases from test cells to the atmosphere. The simplicity of construction and installation of ejectors-diffusers plus their performance capabilities provides an economical and feasible means for pumping large quantities of gases at the low pressures required to simulate flight conditions. The airflow rate for large-bypass-ratio, subsonic turbofan engines operating at altitudes below 15, 000 to 20, 000 ft places very stringent requirements on ground test facilities designed primarily for testing turbojet and small-bypass-ratio turbofan engines. A facility which uses the compressor-generated air supply to drive a jet pump which induces air from the atmosphere, compresses it to the required level of pressure, and delivers it to the turbofan inlet plenum might be used to meet the low altitude test requirement of these engines. The feasibility of this approach has been verified theoretically.
SECTION II APPARATUS

TEST ARTICLE
A model annular ejector was designed to use a standard 8-in. pipe as the mixing section. The ejector as-built parameters and dimensions are shown in Fig. 1 (Appendix I) . A subsonic diffuser with a half-angle of approximately 3. 65 deg connected the standard 8-in. pipe to a standard 16-in. pipe. The ejector nozzle throat area was A* = 1. 94 in.^. The ejector secondary airflow inlet pipe was an 8-in. schedule 80 pipe (see Fig. 1 ).
The ejector was equipped with an inlet plenum section made from a standard 16-in. pipe inside of which a 6-in.-diam baffle was installed (Fig. 2) . A secondary air plenum and airflow measuring nozzle with a throat diameter of 1. 50 in. were attached to the inlet plenum. A number 8 mesh 0. 016-in.-diam wire screen was selected for installation between the subsonic diffuser exit and the exhaust plenum section. The screen has approximately 75 percent open area. This size screen was available and is the size normally used in the Engine Test Facility (ETF), AEDC, for flow straightening in ducts equal to or less than 6 ft in diameter. The exhaust plenum section was made from a standard 16-in. pipe. Provision was made near the downstream end of the plenum for installation of a 9-probe total pressure rake. A typical high thrust', high-bypassratio, simulated turbofan engine made from a standard 6-in. pipe connected the exhaust plenum to the exhaust ducting in the R-2C-1 test area of the Engine Test Facility, AEDC. The high pressure air supply was connected to the secondary air plenum and the annular ejector nozzle plenum. This installation is presented in Figs.< 2 and 3.
Air from the von Kärmän Gas Dynamics Facility (VKF), AEDC, 4000-psi storage tank provided the primary air or driving medium for the annular ejector and the secondary air.
INSTRUMENTATION
The parameters of primary interest were the ejector driving fluid total pressure and temperature, ejector inlet pressure, simulated engine inlet total and static pressure, and simulated engine exhaust pressure. The location of these parameters are shown in Fig. 2 . The type of measuring instruments and the maximum deviation within the measured range of each of the manually recorded parameters is presented in Table I (Appendix II).
The rake total pressure parameters were measured on a 120-in. manometer board filled with tetrabromoethane (TBE) and recorded by a 70-mm camera. The TBE had a specific gravity of approximately 2. 94 at 70°F. The accuracy of the manometer board is believed to be excellent because of the following factors which were used in gathering data:
The tubes containing TBE were referenced to atmosphere, and the data taken from the barometer were used in reducing the manometer data.
A vacuum check was taken before testing and at an interval during testing to ensure that the pressure lines and manometer board contained no leaks.
SECTION III TEST PROCEDURE
The preoperational procedures for the test components were completed and the ETF exhaust ducting was opened to atmospheric pressure. Then the ejector driving pressure was set and maintained constant at 50, 65, and 70 psia while the secondary air plenum pressure was varied over a range of values for each of the set ejector driving pressure levels. Steady-state data were recorded for each set condition. Pressures and temperatures indicated by gages were recorded manually, and the manometer board was photographed.
SECTION IV RESULTS AND DISCUSSION
The model tests of the jet pump air supply facility were conducted with ejector driving pressures of 50, 65, and 70 psia. At each of these ejector driving pressures, several secondary airflow rate values were set for steady-state data points while the simulated engine exhaust pressure was maintained at atmospheric conditions. The results of the test are presented in Figs. 4, 5, and 6. A listing of the tabulated data taken during the test is presented in Table II . The ratios of ejector inlet pressure to ejector driving pressure (Pei^te^* s ec o n dary-to-primary mass flow (m'/m 1 ), and engine inlet static to total pressure (PsiR^ti R> av g) are shown as varying with engine inlet total pressure (PfiR» av S)-The engine inlet total pressure (Pt-i R > avg) is the average of 8 probes (not including the center probe) of the 9-probe rake. The probes were located on centroids of equal areas in the 16-in. duct shown in Fig. 1 .
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The 9-probe-rake total pressure profile for the ejector driving pressures of 50, 65, and 70 psia at the maximum secondary airflow is shown in Fig. 7 and Table II .
In order to use these curves to predict engine performance, atmospheric pressure of 14. 7 psia (secondary inlet total pressure) is divided by the ejector driving pressure and the result indicated on each of the ejector driving curves (50, 65, and 70 psia) in Fig. 4 . The corresponding values of secondary-to-primary mass flow ratios, iV/m', versus ejector exit total pressure, P^ , avg, determined from The largest secondary-to-primary mass flow rate, m'/m 1 , was obtained with the smaller of the three ejector driving pressures. A mass ratio, m"/m', of 1. 65 resulted from the Pt e of 50 psia (see above  table) 
The sea-level airflow requirement for a 100, 000-lbf-thrust 5:1 or 89, 000-lbf-thrust 8:1 bypass ratio turbofan engine operating at a flight Mach number of 0. 45 is 4000 lbm/sec. For a total mass flow rhx = 4000 lbm/sec, the required primary mass flow would be rh' = riiT/2.65 = 4000/2. 65 = 1509 lbm/sec. The engine inlet total pressure for the flight Mach number of 0. 45 would be 16. 89 psia. Figure 6 shows the engine inlet plenum Mach number variation with inlet total pressure.
Theoretical performance calculations for the model induction test facility were made by using the equations for constant area mixing ejector design as shown in Appendix III and Ref. Table III . These theoretical data for P^g of 50 and 70 psia are shown in Fig. 5 as the points marked "predicted by theory". The theoretical engine inlet total pressure or ejector exit total pressure (listed as P R _ in Table III ) was based on an assumed value of subsonic diffuser efficiency of 60 percent (n = 0. 60). A more accurate efficiency for the subsonic diffuser may have resulted in a closer prediction of the experimental performance.
SECTION V CONCLUSIONS
An ejector sized for 1509 lbm/sec of driving air at 50 psia could induce 2500 lbm/sec of atmospheric air, thus delivering 4000 lbm/sec of air at 16. 55 psia which corresponds to the airflow requirement of a 100,000 lbf 5:1 or a 89,000 lbf 8:1 bypass ratio turbofan engine operating at M 0 = 0.45, sea-level flight condition. 
ARO-ETF-TR-72-189
IC DISTRIBUTION STATEMENT
Approved for public release; distribution unlimited.
II SUPPLEMENTARY NOTES
Available in DDC
SPONSORING MILITARY ACTIVITY
ABSTRACT
The objective of this model study was to determine the potential for testing very large thrust, high-bypass-ratio, turbofan engines at conditions simulating flight Mach numbers of 0.4 to 0,6, sea level, by use of a jet pumped air supply system. The simulation of low altitude,, subsonic operation of a large, high-bypass-ratio, turbofan engine in ground test facilities requires extremely large airflows. This airflow, even at relatively low pressure, cannot be provided by existing test facilities for engines having thrust levels of 60,000 to 100,000 lbf. The jet pumped air supply is therefore a very attractive potential facility. The purpose of this study is to determine the maximum jet pump mass ratio at which the pressure rise corresponding to sea-level flight at M -0.4 to 0.6 can be obtained and the resulting motive airflow rate and state conditions required to test engines in the thrust class of 60,000 to 100,000 lbf.
DD, F N°O R V M "1473
TTWrTASfiTTi-Tirn Security Classification
